In Mediterranean areas, very scarce rainfalls during the summer season are a limiting factor to the sowing and managing of turfgrasses. This work evaluates the response to different irrigation regimes (50 or 75% of reference evapotranspiration) of Cynodon dactylon (L.) Pers. cv Transcontinental, Paspalum vaginatum Swartz cv Salam, Pennisetum clandestinum (Chiov.) Hochst. cv AZ1, Stenotaphrum secundatum (Walt.) Kuntze cv Palmetto and Zoysia japonica Steud. cv El Toro. Performance of turfgrasses was evaluated in term of turf quality, colour index and ground cover.
Introduction
Both in public or private urban areas, turf assumes considerable importance to complete the function of shrubs and trees and to allow safe recreational activities and sports. Nevertheless, in Mediterranean areas, very scarce rainfalls during the summer season are a limiting factor to the sowing and managing of turfgrasses.
Water requirement of turfgrass is used to maintain both functional and visual quality, depending on the specific purpose (decorative, sports, technical) for which it was established (Kneebone et al., 1992) .
Many warm-season C4 plants belonging to the Poaceae family and originating from Tropical and Sub-Tropical regions are tolerant to drought and high temperatures (Sifer and Beard, 1999; Oula, 2009) .
Over the past thirty years, several studies have addressed the evaluation of water requirements. Researches stressed the effects on the evapotranspiration rates of environmental factors (climate, moisture, soil), or managing techniques (William, 1982; Feldake, 1984) and the differences between cool-season and warm-season grasses (Beard, 1985; Bowman and Macaulay, 1991; Carrow, 1996) . Shearman (1986) showed high correlation between turfgrass quality and evapotranspiration; Aronson et al. (1987) studied the effects of drought stress on quality, growing and evapotranspiration; Kneebone et al. (1992) evaluated water requirements of Cynodon dactylon (L.) Pers. reporting values ranging from 2.5 and 7.5 mm d -1 .
Many researches have addressed the differences of evapotranspiration between cool-season and warm-season grasses under different climate conditions (Kim and Beard, 1988; Kopec et al., 1988; Zhang et al., 2007) . For several warm-season species, Carrow (1996) and Huang et al. (1997a Huang et al. ( , 1997b ) studied the relation between drought tolerance and the depth of their root systems. Meyer and Gibault (1986) highlighted that warm-season species have water requirement lower than cool-season species with a crop coefficient (Kc) respectively ranging from 0.6-0.7 and 0.8-1.
Other researches evaluated the physiological adaptation or the functional and qualitative response of different cool and warm season grasses to increasing water deficits (Miele et al., 1995; Qian and Engelke, 1999; Bastug and Buyuktas, 2003; Marchione, 2003; Cereti et al., 2004; Fu and Huang, 2004) . All these studies report that, during the summer period, warm-season grasses are more tolerant to drought stress than cool-season grasses.
Many other works evaluated the tolerance to long water stresses of warm-season grasses (Qian and Fry, 1997; Severmutulu et al., 2011; Cathey and Kruse, 2011) and the response to different irrigation regimes (Biran et al., 1981; Qian and Engelke, 1999; Fu and Huang, 2004; Banuelos et al., 2011; Marchione, 2012) .
This work evaluates the response, in terms of visual quality, of five warm-season turfgrasses irrigated with different water volumes. The trial was conducted in Southern Italy under Mediterranean climate conditions and results could be useful to suggest best practices to save water resources for the managing of turfgrasses in this area.
Materials and methods
The research was performed from June to September both in 2008 and 2009 (Meyer and Gibeault, 1986; Zhang et al., 2007) . Main physical and chemical properties of the soil of the experimental site are shown in Table 2 .
The experiment was established as a split-plot design with three replicates; water volumes (50 and 75% ETo) were arranged in the main plots whereas the species were sown in the sub-plots (8.0 m 2 ).
In each year, turfgrass was weekly irrigated between June and September; at the beginning of the irrigation season soil was brought to the field capacity.
A scale ranging from 1 to 9 was used to evaluate turf quality (from worst to best) and colour index (from completely brown to bright green). Ground cover was expressed as percentage of the plot covered by the green turf. Indexes were visually estimated every 15 days.
Turfgrass was managed with the standard practices of the area, including two fertilisations (in June and July) with slow release fertiliser (15-9-15% of nitrogen, phosphorus and potassium) at a dose of 40 g m -2 , chemical weeding against broadleaf weeds (MCPA+Dicamba) and weekly mowing to a height of 4 cm.
The irrigation system consisted of polyethylene pipes PN4 ø 32; the sprinklers had an opening angle of 90° and 180° and were arranged on the outer side of plots. Data were subjected to analysis of variance according to the splitsplit-plot experimental design. Irrigation rate was put in the main plots (main effect) species were put in the sub-plots whereas months were considered as sub-sub-plot (Gomez and Gomez, 1984) . Means were compared with Student-Newman-Keuls's or Fisher's least significant difference test. The paper reports the monthly mean data.
Climate data
The climate data (Table 1) were detected with an automatic weather station (Davis-Weather Pro) adjacent the experimental field and they were used to determinate the reference ETo according to PenmanMonteith method.
Both in 2008 and in 2009, the highest average temperatures were in July and August with values ranging around 30°C; in the same months, several times, the highest temperatures reached 40°C (data not shown) and rainfalls were negligible or absent.
Total rainfalls between June and September of the second year of the trial were 156 mm, while in the first year this value was significantly lower and equal to 38 mm.
Cumulative ETo from June to September was equal to 613 mm in the 2008 and 563 mm in 2009; the highest monthly values were observed in July of both years.
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Results and discussion
With exception for the interaction between species and water regimes, analysis of variance showed significant differences both among the main effects and among interactions (Table 3) .
In both years, restoration of 75% of weekly reference ETo gave the highest values of turf quality, colour index and ground cover percentage (Table 4 ). This effect was particularly clear in 2008 when the highest water regime gave values respectively equal to 6.8-6.8-82.0%, higher than the values estimated for ETo 50% (5.8-5.5-62%). In the second year, the increased rainfall determined less marked differences between water regimes and, even with the reduced irrigation volume (50% ETo), all the values estimated were quite acceptable (6.6-6.5-73%).
The highest indexes were evaluated in June and September of both years (Table 5 ). Turf quality indexes were respectively estimated equal to 6.7-6. Regarding the effect of species (Table 6) , in 2008 colour, quality and ground cover indexes of Z. japonica were respectively estimated equal to 6.5-6.4 and 75% and statistically higher than in the other species compared. Also in 2009 this species showed the highest indexes; nevertheless, values of quality (7.0) and ground cover (81.0%) were statistically different only from those estimated for P. clandestinum (6.6 and 74%) and colour index was significantly different only from those estimated for S. secundatum (6.7), C. dactylon (6.8) and P. clandestinum (6.5). Also for the differences among species, the less marked effects recorded in 2009 could be explained with the more abundant rainfalls recorded in this year.
These results are consistent with the research conducted both under water stress and under optimum water supply conditions by Zhang et al. (2007) *Expressed as restoration of weekly evapotranspiration (%); °from 1 (worst) to 9 (best); # from 1 (completely brown) to 9 (bright green); § % of the plot covered by the green turf. LSD, least significant difference. adjustment by foliar accumulation of amino acids, in particular proline. Both of these mechanisms appear to be more efficient in Z. japonica than in C. dactylon.
Regarding the combined effects of months either with water regimes or with species, with exception for colour index in 2009, significant interactions where found for all the properties evaluated in both years (Table 3) .
Particularly for the interaction between months and water regimes (Table 7) , the largest differences of quality and colour index in response to the irrigation regimes were observed in July and August of the first year (2008) . The severe drought and higher cumulative values of ETo in these months most influenced turf quality. As a matter of fact, for the irrigation regime of 75% ETo turf quality index was estimated equal to 6.5, statistically higher than those estimated for 50% ETo (5.2 in July and 5.3 in August).
Months that were more rainy and characterised by lower ETo gave less marked differences among all parameters estimated. Particularly, in September of 2009 (Table 7) turf quality and colour index were estimated equal to 7.5 and 7.1 respectively for 75 and 50% of ET0, while ground cover was 93 and 83%. Although these data, with exception for colour index, are statistically different from each other, differences are scarce and values can be considered overall acceptable.
Moreover, for turf quality and ground cover, all the values estimated with the lower irrigation level in September (50% ETo) are statistically higher than those estimated, even for the ETo 75%, in July and August. This result is a further confirmation of the deep effect of rainfalls on the parameters estimated. Table 8 reports the effects of months on performances of the species evaluated. These data have been influenced mainly by climatic conditions occurred during the two years of trial. In the first year, characterised by hot temperatures, negligible rainfalls and higher evapotranspiration rate particularly during July, turf quality was estimated lower than 6 for all species tested except for Z. japonica. Good values were observed in June and overall in September, with mild temperatures and the occurrence of rainfall. Z. japonica gave the best results, while P. clandestinum the worst. For the others two parameters (colour index and ground cover percentage), similar results were detected. A different behaviour was observed in the second year; thanks to adequate rainfall and lower evapotranspiration rate, turf quality values for all species were >6, ranging from 6.1 for P. clandestinum in August and 7.7 for Z. japonica in September. Similar results for colour index and ground cover percentage were found. The highest values were estimated for Z. japonica while the worst were observed for P. clandestinum. The 3 rd order interactions (water regimes × species × months) showed significantly differences for all characters estimated in both years. For reasons of brevity, in the paper only the results of analysis of variance are shown (Table 3 ) whereas the data are commented below.
In the first year (2008), characterised by lower rainfall and higher evapotranspiration demand, the effect of irrigation regimes was more evident. In fact all species compared showed good values (≥6.5) for turf quality only when irrigated, during June-August, with higher irrigation regimes (ETo=75%). The effect of rainfall and lower cumulative evapotranspiration during September also increased values for all species; among these, better results were shown by Z. japonica (7.6) and P. vaginatum (7.2). The worst values (≤5.0) were recorded in July for all species when irrigated with the lower irrigation regimes (ETo=50%) these climatic conditions the species that showed the lowest value was P. clandestinum (4.8). Similar results were observed for colour index and ground cover percentage. These parameters, for all species evaluated, were estimated ≥6.5 and ≥80% applying the highest level of irrigation (ETo=75%) during September, while they reached unsatisfactory values (≤5 for colour index and ≤55% for ground cover percentage) when irrigated with the lower irrigation regimes during July-August. Within all species, P. clandestinum and S. secundatum gave the worst results.
The second year (2009), characterised by greater rainfall, let to observe a different trend. With exception for P. clandestinum and S. secundatum, the other species irrigated both with higher and lower irrigation regimes, gave for all months turf quality values greater than 6. P. clandestinum and S. secundatum, irrigated in August with the lower irrigation regime, gave unsatisfactory values ranging around 5.7.
The highest values were recorded for Z. japonica (7.9), C. dactylon (7.7) and P. vaginatum (7.6). Colour index and ground cover percentage showed a similar trend with values higher than 6 and 60% for all species and irrigation treatments with exception for S. secundatum and P. clandestinum. The best values of colour index and ground cover percentage were collected in September for Z. japonica irrigated with higher ETo restoration level and equals to 7.9 and 98% respectively. Once again, S. secundatum and P. clandestinum gave the worst results in August, with values below 5.5 and 55% with ETo 50%.
These results, confirm higher performances of Z. japonica and P. vaginatum when irrigated with adequate irrigation levels and with good climatic conditions (Gibeault et al., 1989; Miele et al., 2000; Cathey et al., 2011) ; P. clandestinum and S. secundatum proved the lowest degree of adaptability to hot and drought conditions when irrigated with inadequate water supply (Marais, 2001; Busey, 2003; Gross, 2003; Christians, 2007) .
Conclusions
All the parameters estimated were highly affected by climate, in particular by rainfall.
Water regime restoring the 75% of the ETo showed maximum effect on turf quality, colour index and ground cover only when rainfalls were scarce, although turfgrasses studied in our trial were not permanently damaged if irrigated with a lower volume (50% of ETo).
Under rainy conditions, also the restoration of the 50% of ETo was able to give highly acceptable values.
Among the species studied in the trial, the best performance was recorded for Z. japonica, C. dactylon and P. vaginatum, whereas P. clandestinum and S. secundatum, showed lower adaptability to water stress.
Based on these results, we can conclude that higher irrigation volumes should be used on turfgrasses with functions that require great aesthetic value. Lower volumes can be applied in turfgrasses that can tolerate a temporary lowering of the quality parameters during period of higher water requirements. Such approach to irrigation management is useful in saving water resources and could make possible to grow turfgrasses also in dry environments.
